Calculation details
Spin-polarized density functional theory (DFT) calculations are performed using generalized gradient approximation (GGA) in the form of revised Perdew-BurkeErnzerhof (RPBE) for the exchange-correlation potentials, 1-3 the projector augmented wave method, 4 and a plane-wave basis set of 450 eV, as implemented in the Vienna ab initio simulation package (VASP). 5, 6 The convergence criteria for electronic and ionic iterations are set as 10 -4 eV and 0.02 eV/Å, respectively. Dipole corrections are taken into account throughout the calculations.
The oxygen evolution reactions (OER) are carried out on the surfaces of several typical reducible metal oxides including TiO 2 , SnO 2 , NiO, WO 3 , and ZnO, which are of rutile, rutile, rock salt, γ-monoclinic, and wurtzite phases, respectively. The TiO 2 (110), TiO 2 (100), TiO 2 (101), SnO 2 (110), NiO(001), ZnO( , and WO 3 (001) 1010) surfaces are simulated using slab models composed of (4×1), (1×4), (2×1), (4×1), ( ), (4×2) and (2×2) supercells with fifteen, fifteen, fifteen, fifteen, four, 2 2 × 2 2 eight, and nine atomic monolayers, respectively. The vacuum layers are set to ~13 Å to decouple the interaction between neighboring images. The surface Brillouin-zones are sampled with Gamma centered k-grids of 2×4×1, 6×2×1, 2×6×1, 2×4×1, 4×4×1, 2×2×1, and 4×4×1, respectively. During optimization, the bottom three atomic monolayers for TiO 2 (110), TiO 2 (100), TiO 2 (101) and SnO 2 (110), and two atomic monolayers for NiO(001) and ZnO( are fixed at their bulk positions while the 1010) rest atomic layers and adsorbates are free to move in all directions. For WO 3 (001) surface, we transfer half of the oxygen atoms from the top to the bottom layer, in order to eliminate the dipole perpendicular to the surface. 7, 8 All of the atoms in 
Free energy diagram
We consider the OER following the four-electron mechanism, which comprises four reaction steps, shown as below
The asterisk (*) represents the active site on the surfaces of catalysts, and *OH, *O, and *OOH denote the adsorbed *OH, *O, and *OOH, respectively.
The free energies of the reactants, products, and reaction intermediates are defined as = + -where represents the electronic energy calculated by DFT, represents zero point energy estimated within the harmonic approximation, and represents entropy at 298.15 K. For the gas-phase molecule, the entropy is obtained directly from the standard thermodynamic database. 13 The of gas-phase molecules and reaction intermediates are listed in Table S1 . The vibrational frequencies of intermediates are listed in Table S2 . For the reaction step containing the transfer of proton and electron, the free energy of a pair of proton and electron ( ) can + + -be calculated as a function of applied potential relative to reversible hydrogen S4 electrode (U vs RHE), i.e., , according to the given potential U relative to RHE are defined as 
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